release from the HOLOG experiment was determined using a germanium γ-ray detector to measure the ratio of selected fissionproduct and plutonium γ rays. Only three hours of γ-ray data collected immediately after the zero-time were analyzed to calculate the above limit. We found no peaks corresponding to the 97 Zr -97 Nb fission product pair at the gamma-ray energies of E γ = 743
keV and E γ = 658 keV, respectively. No information on the plutonium isotopic ratios is revealed because γ-ray peaks in the energy region below 100 keV are not observed due to the high absorption in the containment barrier. The measurement is relatively easy to perform and is not subject to false-positive results because specific fission product and plutonium γ ray energies need to be detected.
Measurement of the spectrum of gamma-rays emitted by plutonium and its fission products, if any, from a subcritical experiment (e.g., HOLOG) can be used to inexpensively and reliably obtain a limit of the plutonium fission efficiency (i.e., the fraction of plutonium that fissioned). In this study, we apply such a measurement through the HOLOG containment barrier. The actual quantity we measured is the ratio of fission product γ -rays to plutonium γ -rays. Knowing the time of the experiment, start and stop time of the measurement, and documented fission product yields 1 (e.g., the fraction of fissions that result in an atom of 97 Zr), one can convert this ratio to plutonium fission efficiency. However, one needs to make an assumption that the fission is uniformly mixed throughout the plutonium. To the extent that the fission to plutonium ratio varies, the measurement will be less accurate because the detector only "sees" the γ -rays from any fission products and plutonium that are closest to it. It is possible to take data at several positions outside the containment barrier to check for uniformity although for HOLOG a single detector and single counting position were used. The total fission energy release can then be estimated from the measured fission efficiency knowing the mass of plutonium used in the experiments.
One can select from a large number of possible fission products for this measurement. The best choices have a high fission product yield, half-lives comparable to a realistic measurement time soon after the zero time, and have high-energy high-abundance γ -rays per decay. Some choices which meet these criteria are the enough to permit a high fraction of the decays to be observed but also long enough to allow measurements if data accumulation could not start until reentry of the tunnel was allowed. For these reasons, and to limit additional costs from a more complicated data analysis, we chose to simply use a measurement of the 97 Nb -97 Zr γ rays to determine a limit for the plutonium fission efficiency. Gamma rays from these nuclides are normalized to one of the two strongest 239 P u intrinsic γ -rays in the 400-keV energy region, either the 375-keV or 414-keV 239 Pu γ -rays.
A high purity germanium (HPGe) detector with a γ -ray detection efficiency of 70% (compared to a 3"x3" sodium iodide We collected thirty-six hours of γ -ray background data before the plutonium was moved into the zero room, fifteen hours of γ -ray data after the plutonium was moved into the zero room, and sixtyseven hours of γ -ray data after the zero time. A 15-hour γ -ray spectrum ( Figure 3 ) taken before any Pu was placed in the zero room 6 was normalized to 3 hours for comparison with the first three hours of data collected after zero time (Figure 4 ). Figure 5 shows an expanded view of the 97 Zr and 97 Nb γ -ray energy peak positions from the same three-hour spectrum shown in Figure 4 . In all of the collected spectra, the 100-keV region is completely attenuated due to the containment barrier. Therefore, no information on the isotopic composition of Pu that was used in the experiment can be deduced. The strong 375-and 414-keV γ -ray peaks in Figure 4 demonstrate that the Pu indeed scattered all over the zero room after the blast. Results from GAMANL show that an integrated 1627 +-8% counts under the 375-keV 239 Pu peak in the three-hour spectrum that were collected after the zero time. We have also found no evidence for a peak at either the 658-and 743-keV 97 Zr and 97 Nb peak energies in the same spectrum (expanded region is shown in Figure   5 ). To estimate upper limits of counts at 658-and 743-keV peaks with backgrounds, we used standard statistical methods 4 the experimental objectives were met, a more complicated analysis that would result in higher expenses was not performed.
In summary, we have proved that a single shielded HPGe detector outside the containment barrier of a subcritical experiment can be used to measure the plutonium fission efficiency and total fission yield from HOLOG. By carefully choosing the detection geometry, the data acquisition sequence, and the fission product, we are able to achieve a detection sensitivity of better than 4 mg of TNT equivalent fission energy release. To apply this measurement technique to future subcritical experiments, we note that if the containment barriers are substantially thicker (e.g., REBOUND), a reentrant tube or other means would be needed to prevent increased γ -ray absorption. The measurement is relatively easy to perform and is not subject to false-positive results because specific fission product and plutonium γ ray energies are measured. 
